and interacts with the aft bay wall, producing reflected acoustic waves [1, 2] , that influence the shear layer. This feedback loop tends to generate a strong acoustic field that comprises broadband noise and tones, called
Rossiter modes [3] . These tones vary, depending on the geometry of the bay, the flow regimes they are subjected to, and the presence of stores. However, most of the published works addressed ideal cavities without complex design features [4] , and real aircraft cavities only recently received attention [5, 6, 7] .
The objective of this work is to approach the problem in a systematic way, by adding realism step by step from an ideal cavity. This paper shows a first step, by adding doors dynamically moving.
During the store release process, the doors open and then close, affecting the cavity flow. Adding fixed opened doors to complex [7] , and ideal cavities [8, 9, 10] resulted in a dramatic amplification of the cavity acoustics. Half opened doors [5, 6, 7, 10] reduced the broadband noise and amplified the feedback loop under the covered part of the cavity, leading to stronger tones.
Most cavities studies so far, are conducted in wind tunnels giving limited measurements of the flowfield. On the other hand, CFD computations result in the complete flowfield, and allow to develop an understanding of the flow physics involved. Due to the flow unsteadiness in weapon bay, there is 4 variability in the trajectories of released stores. The effect of the bay doors on the separation of a store had been experimentally studied by the end of the 80' by Blair et al. [11] . The doors were held at 48, 90, and 135 degrees.
The cases at 48 and 135 degrees showed similar loads to the no door configuration. However, the case at 90 degrees showed amplification of the flow fluctuations [7, 8, 9] . Studies of the effect of door configurations than other 90 degrees are also discussed in [10, 12] (See also table 1 In this paper, the cavity flow is computed with the Scale Adaptive Simulation (SAS) method [13, 14] that has been successfully used for cavity flows with and without doors with the HMB flow solver [15] . The paper is 
CFD Methodology
The Helicopter Multi-Block (HMB3) [16] code is used for the present work.
HMB3 solves the Unsteady Reynolds (Favre) Averaged Navier-Stokes (URANS) equations in integral form using the arbitrary Lagrangian Eulerian (ALE) formulation, first proposed by Hirt et al. [17] , for time-dependent domains, which may include moving boundaries. The Navier-Stokes equations are discretized using a cell-centered finite volume approach on a multi-block grid.
The spatial discretization of these equations leads to a set of ordinary differ-ential equations in time,
where i, j, k represent the cell index, w and R are the vector of conservative variables and flux residual respectively and V i,j,k is the volume of the cell i, j, k. To evaluate the convective fluxes, the Osher [18] and Roe [19] approximate Riemann solvers are used and the viscous terms are discretised using a second order central differencing spatial discretization. The Monotone
Upstream-centered Schemes for Conservation Laws (MUSCL) of Leer [20] , is used to provide third order accuracy in space. The HMB3 solver uses the alternative form of the Albada limiter [21] activated in regions where large gradients are encountered due to shock waves, avoiding non-physical, spurious oscillations. An implicit dual-time stepping method is employed to performed the temporal integration, where the solution is marching in pseudo-time iterations to achieve fast convergence, which is solved using a first-order backward difference. The linearized system of equations is solved using the Generalized Conjugate Gradient method with a Block Incomplete
Lower-Upper (BILU) factorization as a pre-conditioner [22] . The implicit scheme requires a small CFL at the early iterations or some explicit iteration using the forward Euler or four stage Runge-Kutta (RK4) methods [23] . Multi-block structured meshes are used with HMB3, which allow an easy sharing of the calculation load for parallel execution. The structured multi-block hexa meshes are generated using the ICEM-Hexa TM tool of AN-
SYS. An overset grid method is available in HMB3 [24] , to allow relative 7 motion between mesh components. The chimera method is based on composite grids, consisting of independently generated, overlapping non-matching sub-domains. Each of these sub-domains are referred to as a Level and are sorted hierarchically, with higher levels having priority [24] . The exchange of information between sub-domains is achieved through interpolation and by following the level hierarchy.
Post-Processing and Analysing Methods
This section presents the techniques used to analyse the unsteady flow data.
CFD flow-field files are written at specific instances in time, and flow "probes"
at specific mesh points are sampled at every time step. The probe pressure signals are first analysed using the Power Spectral Density (PSD), described in the paper of Babu et al. [25] . The variation in static pressure levels was studied using the Root-Mean-Square (RMS) of the unsteady pressure:
with N the number of timesteps. Although p ′ RM S is measured in Pascals, it is customary in cavity flow studies to report it as the Overall Sound-Pressure Level (OASPL) [26] :
which has the units of decibels. 
where f m is the frequency of mode m, U ∞ is the free-stream velocity, M ∞ is the free-stream Mach number, and L is the cavity length. The ratio of specific heats of the employed gas γ, the phase shift α, and the constant dependent on the cavity geometry and test conditions κ ν , are respectively equal to 1.4, 0.25 and 0.57 at those conditions.
The fluctuations of the cavity flow are compared using the root mean square (RMS) of the velocities defined as:
The boundaries of the shear layer are defined as the strictly positive values of the shear layer momentum Q, product between the flow momentum, and the local contribution to the displacement thickness. The negative values due to the cavity flow re-circulation are imposed to zero:
The thickness of the shear layer is given by the momentum thickness θ:
9 with z the normal to the shear layer, and D the cavity depth.
Time Frequency Analysis -Morlet Wavelet Method
The cavity flow is unsteady, and its dynamics must be understood to gain 
In the above equation, a is called the dilatation or the scale, b the translation parameter, c Ψ = π/β and β = ω 2 0 . The dilatation a is related to the frequency f of the wavelet, the translation parameter b is related to the time shift t of the wavelet. The mother wavelet Ψ(t) is given by :
Band Integrated Wavelets (BIW) plots show the energy content within a particular frequency range and are calculated using the following equation:
where f 1 and f 2 are the lower and upper limits of the desired frequency range.
The wavelets in decibel are given by:
determined using the maximum of the absolute value of the wavelet transform over windows equal to half of a period of the frequency.
Noise Directivity
The local noise intensity is defined as:
with ρ the density, and c the sound speed. A noise directivity factor is then defined as the ratio of the local noise intensity I divided by the average noise intensity I av on the scanned surface:
Then the directivity DI is computed on every CFD points of the scanned surface:
The directivity depends both on the noise emitted by every point inside the cavity, and on the distribution of the noise sources.
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Computations are performed with the HMB3 solver using the k-ω SAS turbulence model [13, 14] . The computational domain ( Figure 1 ) includes solids walls 1.5 cavity length ahead and aft the cavity, followed by symmetry conditions. The domain is 8 cavity lengths long in the stream-wise direction.
The flow over a square cavity, of length to depth ratio of 7, and width to depth ratio of 2 is now discussed. This cavity is denoted as LD7. The cavity length is 3.59m, the freestream Mach number is 0.85, and the Reynolds Number based on the cavity length R eL is 6.5 million ( 
Where L is the cavity length, U ∞ is the air speed at the free-stream surrounding the cavity. The simulated slow, medium, and fast opening, give Strouhal numbers of 0.023, 0.047 and 0.094. The slow opening is perhaps the most representative of actual aircraft cavities, but faster studies are also considered, since to maintain stealth, the cavity exposure should be minimised.
The computations begin with a transitional phase where the cavity flow settles. The first 10 cavity travel times of the flow, or equivalently 130ms, are ignored, and then, the flow is sampled and stored. The mesh is composed of one grid component per object (i.e. left door, right door, and cavity), and the chimera method was used. The force coefficients (C f orce ) and the moment coefficients (C moment ) are computed as:
with F and M the force and moment on a component of interest (door, wall), Validation of SAS for cavity flow computation, is carried out for the M219 cavity [29] . M219 has a length to depth ratio of 5, a width to depth ratio of 1, and a length of 0.51m. The experiments were carried out by Nightingale et al. [29] at a Mach Number of 0.85, and Reynolds R eL of 6.5 million. The cavity had two doors attached at its sides at an angle of 90 degrees. Pressure data were obtained using Kulite T M pressure transducers at the cavity ceiling.
Three grid densities of 13, 22 and 34 million points are compared to the experimental data ( Figure 3 ) at conditions of table 2. [30, 31, 32] shown a similar overestimation that may also be due to experimental errors, as well as limitations of the SAS and DES approaches.
In the following, the fine mesh density is used, and a length to depth ratio of 7 is adopted to be closer to actual weapon bay geometries. 20 Figure 7 shows the time-averaged Mach Number on a plane at 85% of the cavity length for the LD7 cavity with and without doors. Over the clean cavity, the shear layer deeps in, reaching large depths of penetration ( Figure   7a ), and creating large structures above the side walls. Adding doors at 110 degrees, the shear layer is lifted (Figure 7b cavity, has dramatically different consequences, with a stronger second cavity mode, seen on the W shape of the OASPL (Figure 8b) , and an overall noise increase. This difference is due to the geometry of the door leading edge, that leads to different flowfield over the cavity for the two cases. This is shown in figure 9 with bottom view of the RMS of longitudinal velocity at the middle section of the doors. The M219 door pushes the flow above the cavity (Figure 9a ), while the LD7 door is thinner, and pushes less flow above the cavity (Figure 9b ). This leads to more pronounced flow fluctuations for 
Computations Static Doors

Computations for Dynamic Door Opening
In the following discussion, the terms open and closed cavity have the meaning discussed in [33] . In a closed cavity (Figure 11a ), the flow-stream separates from the leading edge of the cavity, but does not have enough energy The flows for dynamic, and static doors are compared in figure 12 using the Mach Number field, and the LICs (Linear Integral Convolution) [34] .
The LIC algorithm applies a filter, based on an input vector field, to a noise The cavity flow then transitions to an open cavity [33] . The jet travels along the cavity ceiling, reaches the cavity aft, and detaches to hit the aft wall, creating a peak of loads (Figures 12d and 13c) . This weakens the vortex Figure 15 shows the pitching moment (Figures 15a to 15c ) and the normal panel force (Figures 15d to 15f) on the left door, and the wall normal force However, the broadband noise is weaker than for the fully developed case.
Noise Field for Dynamic and Static Door Cases
On the other hand, the fast opening does not allow enough time for the flow to develop, and only the third cavity mode is visible. The flow during door opening may not influence the trajectory of a store released from the bay, as the flow has the time to reach a fully established state, before the releases initiated. However, the door opening has to be taken into account to design weapon bay structures, because of the larger peaks of loads seen during transition.
The doors used on the LD7 cavity had a pacifying effect on the cavity flow, while the M219 cavity doors, with a different design, amplified the cavity acoustics. This suggests that the door geometry can dramatically modify the cavity flow.
Future developments will focus on realistic bay geometries with doors operation, and store release.
